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CLIMATOLOGY OF COSTA RIUA. 
Communicated by I€. PIT TIE^. Director, Physical G?ographic Institute. 

TABLE 1  ROUT^^ obssrudona at ths Oba~rw;lory, S m  Joas de Coatla Rica. 
d'lLTilbg Hay, 1901. 
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Notes o n  the .zoenther.-Up to the 17th the weather was dry, 
very hot, with daily threats of rain from the northeast in the 
afterncon. The 18th was the first day of real invierno or 
rainy season, but even afterwards there were dry and close 
days, quite unusual a t  this time of the year. In the surround- 
ings of San Jose, coffee began again flowering after the first 
raiushower of the 18th, this being the latest flowering noted 
since 1888. On the Atlantic slope, thedrought was very unu- 
sual and very marked on the coast belt. 

Notrs on earthquakes.-May 4, 5" 20" p. m., slight tremor. 
May 5, 4h 31"' a. m., very light shock. 

Evapor-don.-During the daytime, 81.9 ; during the night- 
time, 19.5. 

TABLE 3.-Rainfall at alutwnu it& Coda Rica, 1901. 
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*Thus in the manuscript. 

REllARKs.-TbB barometer is 1.189 meters shove sea level. Readincs are corrected 
for Eravlty, temperature, and instrumenla1 error. The dry and wetbulb  thermome- 
ternare 1.5 meters above ground and corrected for instrumental errcra. The hourly 
readlngs for pressure wet and d r  bulb thermometers are obtained by means of 
Richard registering dstrumeuts. c h e d  b direct obs6rvations every three hours 
from 7 a. m. to IO p. m. The hourly rainfall rs as  given by Hottlnaer's aelf.reaister. MONTHLY STATEMdlNT OF AVERAGE WEATHER UON- 

DITIONS FOR MAY. 
BY Prof. E. B. GAEBIOTT. 

The following statements are based on average weather con- 
litions for May, as determined by long series of obser- 
vations. As the weather of any given May does not con- 
Form strictly to the average conditions, the statements can 
aot be considered as forecasts. 

Along the steamer routes of the North Atlantic Ocean 
w e r e  atornis are less frequent than during April. The aver- 
%ge southern limit of arctic ice near Newfoundland and the 
Sra.nd Banks extends southward to about the forty-first par- 
allel. May is one of the months of greatest fog frequency 
from the Banks of Newfoundland to the United States coast. 

The wet season in the West Indies and the typhoon season 
in the Philippine Islands begin in May. 
In the Pacific coast districts of the United States the wet 

ieason is nearing its end. In the middle and northern Pla- 
teau regions there is a slight increase in the amount of rain- 
Fall as compared with April. I n  Arizona May is one of the 
hiest months of the year. From the Rocky Mountains to 
ihe Mississippi River there is a general increase in raiufall 
leading to the Junemaximum. East of the Mississippi River 
May is usually a month of frequent rains, and in the middle 
tnd southern districts of the country, from the Rocky Moun- 

checked once a day The standaril rain ga e is i 5 meters shove ound. i n  t he  
Costa Rican system.'the *an Jose local tlmefsused. which is Oh 3W l& dower than 
seventy-fifth meridian time. 
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bins  to the Atlantic coast, severe thunderstorms are not un 
common. On the Great Lakes the severer storms of Ma? 
advance from the middle-eastern slope of the Rocky Moun 
tains. These storms average about two a month, and thei 
approach is indicated by rapidly falling barometer and ea8 
to southeast winds. After the passage of the center of t 
storm the wind shifts to northwest with rising barometer. 

I n  May the regions in which agricultural products are sub 
ject to damage by frost are usually confined to the extremc 
upper Missouri, and Red River of the North valleys, and thc 
Rocky Mountain and Plateau regions from central Nev 
Xexico and the Texas panhandle northward. -.-- 
SOME UAUSES OF THE VARIABILITY OF EARTHSHINE 

By H. H. KIMBALL. 
(Read before the AsLronomlcal and Physloal society of Toronto, June. 1901 I 

When we observe the new moon shortly after sunset we are 
generally able to distinguish the outline of the whole moon 
and the dark part is usually of a delicate green tint, or cop- 
per color. At the hour of sunset the sun is shining upon 
the half of the world that is west of UE, while the eastern 
half is shrouded in darkness and night. Between UE and thc 
sun  in the west is the moon, whose western half is illiiinined 
by the 8~11, but 'whose eastern half receives no direct sun- 
light, and is in darkness like the earth, except that its dark 
half may receive considerable light from the bright half of 
the earth. This so-called earthshine may vary considerably 
with the condition of the earth's surface and atmosphere. 
When the bright half of the earth is covered with snow or 
cloud i t  undoubtedly reflects more sunlight than a continent 
of forest and vegetation, and much more than an ocean of 
mater, and on such occasions the dark half of the moon might 
be expected to be unusually bright. I t  is not often that we 
are able to collect data as to the condition of the atmosphere 
or of the earth's surface sufficient to satisfactorily explain 
the variations in the brightness of the dark side of the old 
moon when seen in the arms of the new. 

Mr. G. E. Lumsden, President of the Toronto Astronomical 
and Physical Society, has requested any information that 
may be obtainable relative to the condition of the bright 
half of the earth a t  G or 7 p. m., eastern time, March 22, 
1901, which corresponds to 11 p. m. or midnight, Greenwich 
time, or noon in the middle of the Pacific Ocean. By means 
of the data given in the Nautical Almanac we ascertain that 
at Greenwich midnight the E U I ~  was in the zenith a t  about 
longitude MOO, latitude Oo 40' north, and the moon was in the 
zenith a t  about longitude 132O west, latitude 1 5 O  7' north. 
We have therefore prepared, in Chart S, an orthographic 
projection of the western half of the earth upon the horizon 
of a point whose zenith is about midway betweeii the sun 
and moon a t  this time, namely, latitude loo north, longitude 
lGOo weet. It would have been more correct to have made 
the projection with the nioon in the zenith, but the results 
would not have differed appreciably from those here given. 

Mr. Lumsden writes as follows: 
On the night of the P3d of March the moon, owing to earthshine, 

vas so bright that a member of the Astronomical Society called me up 
by telephone, and asked me to make observations with the naked eye 
and an opera glass, with a view to comparison on other occasions. In- 
deed, I and other members who took the matter up in the course of 
the evening were uurprised at the brilliant illumination, which enabled 
us to identify, even with the naked eye, certain well known lunar for- 
mations. On thinking the matter over, it occurred to me that this 
brilliancy might have been due to reflection from a very large area of 
clouded surface, which possibly at t.he time was true of the western 
American Continent and the Pacific Ocean, inasmuch as, shortly after 
midnight, the weather changed, and was succeeded by cloudy skies 
which lasted for some little time. 

Referring to Chart X, and having in mind the positions of 
2-2 

the sun and moon a t  the time specified above, we see that the 
sun illuminated the half of the globe from longitude 90° 
west, across the Pacific to 90° east, while the moon could only 
receive light from the earth's equatorial region as far west as 
longitude 138O east. Furthermore, while the sun illumined 
the earth practically from pole to pole, the moon received no 
light from the antartic regions beyond latitude 7 5 O  south. 
The illumined portion of the earth from which the moon re- 
ceived light, may therefore roughly be stated to lie between 
latitude 7 5 O  south and the North Pole, and longitudes 90° 
weet and 138O east ; and Chart S shows that it embraces prac- 
tically the whole of the Pacific Ocean, the eastern portions 
of Australia. Japan, and Siberia, and the larger portion of 
North America-an area that does not differ sensibly, in 
character or extent, from the normal reflecting surface when 
the moon is two or three days old, and observed at  about 7 
p. 111. from Toronto. 

According to Bond,' the quantity of light received at  any 
point by reflection from a surface may 1x1 represented by the 
equation 

in which di' niay represent the quantity of light received by 
reflection from the earth upon an element of the moon's sur- 
face, ds', projected as dp' upon a plane perpendicular to a 
line joining the earth and moon ; J the distance between the 
earth and moon; P the albedo of the earth's surface; i the 
amount of light received by the earth from the sun, which 
we may assume to be a constant; 6, a coefficient that 
varies with the reflecting properties of the reflecting sur- 
face. The value of @ is l for a polished sphere, 3 for a flat 
opaque disc reflecting equally in all directions on the side 
of the hemisphere toward which i t  is exposed, 4 for a flat 
disc in which the quantity of light reflected to any point 
is proportional to the apparent area of the disc as seen 
from that point, etc., assuming that the incident rays are 
parallel and perpendicular. For any given surface, however, 
this coeficient may be considered a constant, and its exact 
value does not concern UE in the present investigation, since 
we have to do only with the variables of the above equation. 
We therefore obtain from equation (1) for the total light re- 
ceived a t  the moon by reflection from the earth the follow- 
ing expression, in which C is a constant: 

Similarly, for the light reflected back from the moon to a 
point on the earth, by substituting ( 2 )  for t' in (l), we obtain 
the following equation: 

(3) 

in which cli" represents the quantity of light received upon 
zn element of the surface of the earth, projected as dp" 
upon a surface perpendicular to a line connecting the earth 
znd moon ; tr' is a constant, as in equation ( l ) ,  and P' is the 
zlhedo for the moon. This albedo must also be a constant, 
5ince in the absence of an atmosphere we can not conceive 
)f any variation in the reflecting power of the moon's sur- 
Face, except the inappreciable variation due to the fact that 
3 9  reason of libration a slightly different hemisphere is pre- 
iented to UE from time to time. 

Our final equation for the quantity of earthshine observed 
)n the moon from a point on the earth will therefore have 
,he following form: 

George P. Bond, On the light of the moon and of the planet Ju iter. 
blemoirs American Academy of Arts and Sciences. 1S61. Vol. $111, 
3. ?%5. 


